The nanotribological properties of molecularly thin films of polymer melts were investigated using a surface forces apparatus (SFA). When the droplet of a polymer melt was injected between two smooth mica surfaces and confined by normal compression, the dynamic properties of the polymer melt shifted from bulk rheological to thin film tribological features. The shift of the dynamics was evaluated by measuring the effective viscosity of the confined films and by comparing the viscosity with its bulk value ; the results were discussed in terms of confinement-induced glasslike transition. Molecular ordering (layering) in confined polymer melts was also studied. The tribological properties of the thin films of poly(dimethylsiloxane) (PDMS) were evaluated. The results implied well-ordered layer structures in the confined films, which are very different from most of the hydrocarbon-type polymeric lubricants (having disordered molecular conformations in confinement). The experiments described here reveal the unique dynamics of molecularly confined polymer melts, which cannot be obtained by any other experimental techniques than SFA.
Nanotribological Properties of Molecularly Thin Polymer Melt
Films Studied using the Surface Forces Apparatus The nanotribological properties of molecularly thin films of polymer melts were investigated using a surface forces apparatus (SFA). When the droplet of a polymer melt was injected between two smooth mica surfaces and confined by normal compression, the dynamic properties of the polymer melt shifted from bulk rheological to thin film tribological features. The shift of the dynamics was evaluated by measuring the effective viscosity of the confined films and by comparing the viscosity with its bulk value ; the results were discussed in terms of confinement-induced glasslike transition. Molecular ordering (layering) in confined polymer melts was also studied. The tribological properties of the thin films of poly(dimethylsiloxane) (PDMS) were evaluated. The results implied well-ordered layer structures in the confined films, which are very different from most of the hydrocarbon-type polymeric lubricants (having disordered molecular conformations in confinement). The experiments described here reveal the unique dynamics of molecularly confined polymer melts, which cannot be obtained by any other experimental techniques than SFA. For the four-layer film, "solidlike" friction trace is observed, being characterized by the quick relaxation at stopping and appearance of the static friction force F＝Fs (＝Fk) when sliding is resumed. When molecules are squeezed out to two layers, friction trace includes "viscous" characters ; slow relaxation at rest and the lack of static friction force at the restart of sliding. Fig. 7 . Schematic illustrations of the dynamic layer structures of the PDMS films. When thicker than three molecular layers (a), first layers adjacent to mica substrates are strongly adsorbed on surfaces and immobile during sliding. Shear is accomplished by the slipping of "mobile" middle layer (s) and results in low friction. For two layer film (adsorbed layers in direct contact, (b)), shear involves the deformation of adsorbed PDMS segments and wall slip, which result in the "viscous" dynamic features and large friction.
